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ABSTRACT 


The  principal  consideration  in  the  heterodyne  mode  of  signal  detection 
is  the  influence  of  the  local  oscillator  power  on  detector  characteristics. 
It  is  shown  that  misalignment  of  the  local  oscillator  signal  can  seriously 
degrade  detection  performance  with  the  detector  geometry  presently  used. 

For  signals  incident  through  transparent  contacts,  misalignment  problems  are 
removed.  Characteristics  of  transparent  contacts  are  reported. 

It  has  bean  established  that  dielectric  relaxation  time  constant 
effects  occur  above  a  certain  electric  field.  These  effects,  as  well  as 
nonl inearities  of  signal  and  detector  resistance  changes,  occur  at  fields 
for  which  the  drift  length  of  holes  is  comparable  to  the  electrode  separa¬ 
tion.  This  has  been  shown  to  be  valid  by  examining  detectors  having  dif¬ 
ferent  thicknesses  and  material  having  a  wide  range  of  carrier  lifetimes. 

Mercury-doped  germanium  samples  which  have  oeen  subjected  to  gallium 
diffusions  have  larger  activation  energies  than  urtreated  material.  This 
change  has  been  identified  with  copper  gettering  by  the  gallium-diffused 
surface  layer. 
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SECTION  I 

GENERAL  OETECT0R  CONSIUERATIONS 


A.  Special  Detector  Considerations  fjr  Detecting  Coherent  Radiation 

1 .  Influence  of  Local  Oscillator  Power 

a.  Background  Radiation 

Photodetectors  operating  in  the  8  to  14  micron  region  are  limited  i 

performance  by  300°K  background  radiation.  Signal  levels  are  much  smaller 

than  the  300°K  background  power  density  on  the  det  ctor,  i.e.,  much  smaller 
-3  2 

than  5.0  x  10  watt/cm  /2n  steradians.  Thus,  resistance  changes  for  such 
signals  are  small  compared  to  the  quiescent  resistance  value  set  by  the 
background.  Similarly,  for  the  heterodyne  mode  of  operation  in  which  the 
local  oscillator  power  will  exceed  300°K  background  levels,  the  signal  power 
will  not  significantly  alter  the  operating  conditions.  For  both  coherent 
and  noncoherent  detection  mechanisms,  the  signal  falling  on  the  same  portion 
of  the  detector  as  the  "backc-rour.d"  will  respond  according  to  the  average 
operating  conditions  determined  by  that  background. 

b.  Power  Considerations 

1-4 

For  coherent  detection  the  signal  current  is  given  by 

‘s  ■  'W*  ’ 

where  R  is  the  current  reiponsivity  per  photon,  and  «eo  and  Qg  are  the  loca> 
oscillator  and  signal  photon  signals,  respectively.  Significant  gain  and 
heterodyning  sensitivity  limits  are  realized  only  when  and  Q,^  is 

greater  than  the  300°K  background  photon  flux.  Consequently,  An^/n^  «  1 
or  to  heterodyne  implies  small  signal  considerations.  It  then  follows  that 
for  heterodyne  detection,  detector  considerations  are  related  to  the  effect 
has  on  the  detector  parameters.  In  this  respect  it  is  valuable  to  con¬ 
sider  possible  lifetime  changes  and  the  significance  of  the  directional 
character  of  the  coherent  radiation. 
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c.  lifetime  Changes 

For  example,  consider  a  ector  that  will  operate  as  fast  as 

**9  |  g  19  2 

1.0  x  10  7  seconds.  The  will  be  in  the  range  10  to  10  photons /sec/cm  . 

Thus,  for  a  depth  of  penetration  t  equal  to  I  mm  the  carrier  density  n  = 
q  10 

TjQ^/tT  ■  10  to  10  /cc  (efficiency  Tj  taken  as  I).  Because  counter  doping 
levels  which  control  lifetime  are  2  or  3  orders  of  magnitude  greater  than 
this,  there  will  be  little  effect  on  lifetime  as  a  result  of  the  local  os¬ 
cillation  signal.  At  the  same  time,  for  lifetime  in  the  iO  ^  sec  range  local 
oscillator  power  may  well  modify  detector  parameters. 

2 .  Detector  Design  Considerations  Related  to  the 
Directional  Property  of  Coherent  Radiation 

a.  Directional  Property  Coherent  Radiation 

One  feature  of  coherent  radiation  is  its  parallelism  or  its  non- 
divergent  character  By  contrast,  incoherent  radiation  from  the  300°K  back¬ 
ground  is  random  in  direction.  The  consequence  for  detector  operation  can 
be  considerable.  Since  the  local  oscillator  signal  originates  outside  the 
detector  assembly,  it  has  to  be  directed  onto  the  detector. 

In  the  series  of  illustrations  in  Figure  I,  the  results  of  mis¬ 
alignment  of  the  local  oscillator  signal  are  detailed.  Radiation  covering 
only  part  b,  of  the  detector  [Figure  1(a)]  will  give  rise  to  a  resistivity 
profile  [Figure  1(b)].  Even  when  coherent  detection  is  utilized,  the  30C°K 
background  radiation  will  still  be  present.  This  sets  the  value  pfl,  while 

the  smaller  value  p.  is  determined  by  the  combination  of  both  radiation 
0 

fluxes.  Since  sections  a  and  b  are  in  series,  the  equivalent  circuit  can  be 

described  as  shown  in  Figure  1(c).  The  signal  will  be  registered  as  a  change 

of  R.  or  AR. ,  while  R  is  unaffected  even  if  the  signal  falls  on  section  a 
d  b  a 

because  no  coherent  radiation  reference  signal  is  present. 


2 


Figure  1  Conventional  Detector  Geometry  with  Coherent  Radiation  Incident  "Normal" 
to  the  Electric  Field.  For  the  local  oscillator  radiation  falling  on  a 
part  of  the  detector  (a),  a  blocking  resistance  develops  (b)  and  (c), 
which  reduces  the  responsivity  of  the  detector. 
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For  a  bias  voltage  V  impressed  across  the  load  resistor  R^,  the 
signal  voltage  AV^  appearing  across  tne  load  is  given  by  the  expression 


R.  AR,  I 

aw  L  D 

AV.  * - . 

L  h,  +  R  +  Ru 

Lab 

The  direct  current  value  is  I.  For  high  speeds  of  operation,  R^  is  smaller 
than  Rg  or  R^  to  reduce  RC  effects;  thus,  usually 


R,  K 

AV.  «  —  AR,  I  - 

L  K  b  R  +  R. 

b  a  b 


The  last  factor,  R^/Rg  +  R^j  is  a  signal  reduction  caused  by  the  blocking 

effect  of  R  ,  which  will  be  at  least  an  order  of  magnitude  greater  than  R.. 

a  ” 

For  variable  background  conditions  R^/Ra  could  have  values  resulting  in 
serious  signal  loss  variations. 


While  good  system  design  might,  reduce  the  probability  of  such  mis¬ 
alignment,  an  alternative  configuration,  shown  in  Figure  2,  eliminates  these 
effects. 


b.  Transparent  Contacts 

In  the  situation  depicted  in  Figure  2,  transparei  t  contacts  have 
been  applied  to  the  surface  through  which  the  radiation  passes.  Once  again 
we  consider  a  local  oscillate r  signal  falling  only  on  part  b  of  the  dete.lor 
thus,  the  resistivity  profile  across  the  de  ictor  element  will  be  the  same 
as  in  Figure  1(b).  However,  for  the  contact  configuration  of  2(a)  the  ap- 
propriate  equivalent  circuit  is  that  of  2(c)  in  which  *he  illuminated  and 
noni 1 luminated  areas  are  parallel  resistances. 
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(b)  RESISTIVITY 
PROFILE 


Figure  2  Coil  inear  Detector  Geometry  with  Coherent  Radiation  Incident 
CoIIinear  with  the  Electric  Field.  For  the  local  oscillator 
radiation  falling  on  a  part  of  the  detector  (a),  no  blocking 
resistance  occurs  (b)  and  (c). 


is 


For  this  case  the  signal  voltage  developed  across  the  load  resistor 


For  the  condition  discussed  in  the  previous  case,  i.e.,  R.  <  R.,  R  , 

l  d  a 

thj  above  expression  reduces  to 


*VL  " 


R  +  R. 
a  b 


We  see  that  for  R  10  times  R.  only  a  slight  signal  loss  occurs,  and  for 

a  D 

extreme  situations  R  »  R.  the  loss  is  negligible. 

a  b 


c.  CoHinggr  fodg  9?  Qp?rati<?n 

In  the  mode  of  operation  described  above  the  radiation  is  incident 
"col  linear11  with  the  device  electric  field,  and  in  this  "col  linear"  mode  of 
operation  blocking  or  saturation  effects  are  absent.  [In  the  conventional 
mode  of  operation,  e.g..  Figure  1(a),  the  radiation  is  "normal"  to  the 
electric  field.] 


d.  Special  Desion  Considerations  Related  to  the  Col  linear  Mode 


-9 

Consider  a  detector  material  having  a  carrier  lifetime  r  of  10 

5  2 

sec  and  a  hole  mobility  p  of  10  cm  /V-sec.  Then  for  an  applied  bias  V  of 

P  2 

10  volts  across  an  element  thickness  t  of  1  mm  the  gain  G  »  TpV/t  has  a 

value  of  0.1.  To  achieve  high  gain  or  responsivity  we  require  highest 

voltages  of  operation  and  thinnest  electrode  spacings.  A  discussion  of  bias 

effects  will  be  presented  in  a  subsequent  section  of  this  report;  only  the 

role  cf  thickness  will  be  considered  here. 
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There  are  two  conflicting  col  linear  thickness  requirements: 

(1)  small  values  yield  high  gain*  and  (2)  large  values  are  needed  for  high 
absorption.  At  this  point  in  the  program  the  values  of  mercury  concentrations 
in  Ge.'Hg  are  generally  such  that  element  thicknesses  must  be  at  least  1  mm 
or  2  mm  to  achieve  adequate  absorption.  Increased  Hg  concentrations  are  very 
desirable  for  the  optimum  col  linear  mode  detector  operation. 

e.  Some  Studies  of  the  Coll  inear  Mode 

In  the  first  phase  of  study  of  the  col  linear  mode,  some  detectors 
with  transparent  contacts  were  made  and  the  normal  and  col  linear  mode  per¬ 
formances  were  compared.  To  do  this*  groups  of  four  detectors,  all  having 
transparent  contacts,  were  arranged  on  a  mounting  block  as  shown  in  Figure  3. 
In  this  configuration  the  spectral  response  and  time  constant  measurements 
of  the  two  forms  can  be  immediately  compared. 

Figure  4  shows  the  spectral  response  of  the  two  modes  of  operation 
utilizing  a  gold-gallium  alloy  contact,  and  Figure  5  shows  spectral  response 
for  gallium  diffused  layers.  It  is  apparent  that  no  major  difference  occurs 
in  the  spectral  response  for  the  two  modes  of  operation. 

The  long  wavelength  regio>.  has  been  emphasized  as  recent  work  has 
demonstrated  that  spectral  response  in  this  region  can  be  related  to 
secondary  effects  within  the  detector.^ 

Radiation  losses  occurring  as  the  signal  passes  through  th»i  Au-Ga 
contact  have  been  determined  by  comparing  the  current  responsivity  for  the 
normal  and  col  I  inear  modes.  Data  taken  on  several  samples  are  collected  in 
Table  I.  The  following  features  are  apparent.  The  col  linear  mode  AI/I 
values  are  always  larger  than  the  normal  mode  values.  Characteristics  ob¬ 
tained  with  the  set  of  Ge:Cu  detectors  having  a  gallium  diffused  layer  were 
similar  to  those  of  the  Ge:Hg  samples  and  a  Au-Ga  alloy  layer.  Detector 
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Figure  5  Normal  and  Col  linear  Spectral  Response  for  a  Gallium-Diffused  Layer  Contact 
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TABLE  I 


Collinear  and  Normal  Detector  Response  in  a  Signal  Field 
of  1.2  x  10'5  Watt/Cm2 


Crystal 

£  1 emen  t 
Resistance 

41*  104 

I 

_ Normal _ 

_ Collinear _ 

Normal/ 

actual 

ave  rage 

actual 

ave  rage 

Col  linear 

Au-Ga  Alloy 

(Ge:Hg) 

DB  1170 

0.4  MTJ 

0.32 

0.24 

0.32 

0.32 

0.22 

0.23 

1.4 

4-4-B-56 

10  kfi 

0.49 

0.36 

0.46 

0.48 

0.28 

0.32 

1.5 

7-1-A-56 

18  kfi 

0.67 

0.56 

0.71 

0.69 

0.53 

0.55 

1.3 

Ga  Diffusion 
(Ge:Cu) 

Ge: Cu-4 

130  kfl 

1,2 

1.1 

0.98 

1.2 

1.0 

1.2 

Average  JJ 
C 

-  1.4 

II 


resistances  were  identical,  to  measurement  accuracies,  and  thus  are  not 
listed  separately.  This  is  taken  to  indicate  that  a  significant  fraction  of 
the  300°K  background  radiation  reached  the  elements  through  surfaces  other 
than  the  one  facing  the  entrance  aperture. 

The  normal  and  col  linear  detector  elements  had  identical  geometries; 
the  mounting  orientation  determined  whether  the  units  were  operated  in  the 
col  linear  or  the  normal  mode  (note  Figure  3).  Since  the  radiation  absorbed 
will  be  largest  in  the  first  millimeter  of  the  detector  element,  the  col- 
linear  mode  signal  will  be  largest  unless  absorption  in  the  contact  layer 
reduces  tlie  signal.  Thus,  the  average  value  of  normal /col  linear  a  1.4 
indicates  a  loss  of  at  least  30%  in  the  contact. 


Contact  resistance  values  were  determined  by  measuring  the  resistance 
across  two  small  contact  points  approximately  4  mm  apart.  Resistance  values 
were  approximately  7  ohms  near  10°K. 

The  col  linear  and  normai  modes  will  be  compared  again  in  a  later 
part  of  the  report,  but  no  significant  differences  in  operating  characteris¬ 
tics  have  been  noted. 


b.  Alianracm.toqulrsfngQts  ,l,pr  j>  dvnjng 


The  discussion  of  heterodyning  previously  in  this  report  assumed  that  the 
local  oscillator  signal  and  the  incoming  signal  are  perfectly  aligned.  Ross^ 
gives  an  expression  for  the  falloff  of  signal  with  misalignment  angle  6  as 
fol lows: 


Signal  for  6  °_9  »  phi 
Signal  for  6  a  0 


where  @  sin  0.  In  this  expression  \  is  the  wavelength  of  the 
r 

radiation  and  l  is  the  dimension  of  the  detector  being  employed. 
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This  expression  vr  computer-calculated  and  is  plotted  in  Figure  6. 

The  data  are  for  10.6-micron  radiation  falling  on  detectors  of  varying 
dimensions  i.  The  situation  described  here  is  depicted  in  the  insert  of  the 
figure.  Note  the  critical  angular  tolerance;  for  a  I  mm  detector  the  50% 
falloff  point  is  0.36°.  The  alignment  criterion  is  very  severe  for  large 
detectors,  indicating  a  practical  necessity  to  use  small  detectors. 


Figure  6  rdlloff  in  Signal  Response  with  Angular  Misalignment  of  Signal 
and  Local  Oscillator  Propagation  Directions,  The  calculated 
curves  are  for  10.6  micron  radiation  and  various  one-dimensional 
detector  dimensions  given  by  each  curve. 
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SECTION  II 


MATERIAL  PROPERTIES 

A.  Oielectri-C  Relaxation  Studies 

1 .  Introduction 

A  recent  publication  has  shown^  that  a  photoconductoi  . tas  a  component  of 
the  response  time  given  by  the  dielectric  relaxation  (DR)  time  «  e^/lm 
(p  =  resistivity  and  t  *  dielectric  constant).  A  continuing  study  of  this 
phenomenon  has  demonstrated  that  for  a  given  material  there  is  a  voltage 
above  which  the  greater  portion  of  the  signal  has  a  response  time  t^,  while 
below  that  voltage  the  OR  effects  are  secondary.  At  this  voltage  the  drift 
length  of  the  holes  in  Ge:Hg  and  Ge:Cu  is  of  the  order  of  the  electrode 
separation.  Details  of  the  phenomenon  follow. 

2.  Experimental 

The  experimental  arrangement  used  for  measuring  detector  element  re¬ 
sponse  times  under  reduced  background  conditions  is  identical  to  that 
utilized  previously. ^  Since  resistivity  rather  than  temperature  has  been 
found  to  determine  the  DR  effect,  the  data  to  be  presented  were  taken  near 
helium  temperatures.  No  different  results  were  observed  when  the  temperature 
was  increased. 

Figure  7  illustrates  the  variation  of  the  response  time  form  as  a 
function  of  increasing  bias.  At  low  voltages  the  signal  is  principally  fast, 
but  as  the  bias  increases,  the  long  time  constant  dominates.  Figure  8  is 
based  on  data  from  pictures  such  as  those  in  Figure  7.  In  Figure  8  the 
ordinate  scale  is  the  ratio  of  that  part  of  the  signal  having  a  response  time 
Tp  to  the  portion  that  is  fast,  i.e.  Ap/A^.  This  figure  presents  data  from 
Ge:Hg  crystals  having  a  wide  variety  of  sensitivities.  The  number  in 
parentheses  by  each  curve  is  the  resistance  of  the  element  when  it  wcs 
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Figure  7  Photographs  of  Oscilloscope  Traces  Showing  the  Change  from  Fast  to  Slow  Signal 
Response  as  the  Detector  Bias  Is  Increased.  The  number  to  the  left  of  each 
curve  is  the  bias  used  when  the  data  were  taken.  Detector  resistar.ee  was 
8  megohms;  temperature  was  about  5°K. 
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ALL  ELEMENTS  L  =  1  MM 


'ariation  of  Ap/Af  (see  inset)  with  Electric  Field  for  Detector  Materials  of  Varying  Sensitivitie 
he  number  in  parentheses  by  each  curve  is  the  resistance  of  the  detector  when  it  is  exposed  to  a 
80°  fiel d-of-view,  300° K  background  radiation.  The  field  required  to  reach  the  value  of  A  /A  « 
increases  with  loss  of  material  sensitivity.  Similar  results  are  obtained  when  the  . adiation^is 
ncident  through  contacts  (tops)  or  through  end  of  sample  (end)  (col  I  inear  versus  normal) 


operated  exposed  to  300ol\  background  radiation.  The  field  required  to 
realize  A^/A^  *>  i  (E^)  increases  as  the  sensitivity  of  the  material  falls 
off  (higher  resistance  in  300°K  background). 

Figure  9  shows  that  the  above  low  sensitivity  -  high  EqR  correlation 
exists  for  other  materials.  The  materials  tested  included  Ge:Cu  and  Ge:Hg 
which  k<  varying  ratios  of  Cu  to  Hg  concentration.  It  had  been  noted  that 
Ge:Cu  required  much  higher  voltages  than  Ge:Hg  before  the  OR  time  constants 
were  observed.  To  determine  if  this  fact  was  related  to  features  of  the  Cu 
(e.g.,  its  very  high  diffusion  coefficient),  Cu  was  added  by  diffusion  to 
Ge:Hg  in  increasing  amounts  up  to  a  concentration  10  times  that  of  the  Hg. 
Data  for  Ge:Hg  without  Cu,  the  same  Ge:Hg  with  varying  amounts  of  Cu  dif¬ 
fused  in,  and  Ge:Cu  are  plotted  in  Figure  9.  The  striking  feature  is  that 
again,  as  with  Ge:Hg,  Eqr  correlates  (for  Ap/A^  «  1)  roughly  with  the  300°K 
background  determined  resistance  of  the  samples,  i.e.,  as  the  inverse  of  the 
sensitivity  of  the  material. 

From  the  two  sets  of  data  in  Figures  8  and  9  it  is  clear  that  EpR  varies 
as  the  resistivity  of  the  detector  elements.  Since  for  background  controlled 
conditions  R  «  1/QrT1pt,  then  EqR  must  be  inversely  proportional  to  the  pT 
product. 


a.  Field  Dependence 

To  establish  if  the  effects  were  purely  field-dependent,  samples  were 

were  cut  in  various  thicknesses  and  E^R  was  determined.  The  set  of  curves  in 
Figure  10  was  obtained  by  recutting  and  grinding  the  same  elements  to  pro¬ 
duce  first  3  mm,  then  I  mm,  and  finally  0.3  mm  electrode  separation.  The 
electrode  shape  was  I  mm  x  6  mm  in  all  cases.  It  is  clear  that  the  EpR 
values  increase  with  sample  thickness  roughly  in  proportion  to  the  electrode 
separation  L. 
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5158-4  FIELD  (VOLTS/CM) 


Figure  10  Variation  of  the  Field  Dependence  of  the  DR  Effects  with  Electrode 
Separation.  From  data  such  as  these  in  the  graph  the  onset  of  DR 
effects  is  shown  to  require  fields  roughly  proportional  to  the 
electrode  spacing. 


Since  E--  «  L  and  E-_  «  1/p-r,  it  is  clear  that  we  are  observing  an 
D  R  UK 

effect  associated  with  the  drift  distance,  S  =  pET,  with  the  dielectric  re¬ 
laxation  effects  coming  in  with  S  of  the  order  of  L.  Using  a  p  value  of 
1.0  x  10  cm  /V- sec,  a  lifetime  of  10  sec,  and  L  *  1.0  mm  gives  an  EgR  of 
10  volts  per  cm.  Such  a  lifetime  is  representative  of  crystal  A-84,  which 
has  an  EpR  value  of  15  to  20  V/ cm  (see  Figure  8).  Thus,  a  crystal  such  as 
X - 1 7  with  a  short  lifetime  (or  at  least  a  short  pT  product)  will  require  high 
fields  before  S  becomes  comparable  to  L.  In  addition,  as  the  electrode  spac¬ 
ing  increases,  E  must  increase  to  increase  S  to  the  larger  L  value. 

b.  Field  Dependence  o  Other  Parameters 

In  addition  to  the  above  field  onset  phenomenon,  sensitivity  variations 

occur  for  electric  field  values  in  the  vicinity  of  EpR.  Figure  11  contains 

sensitivity  and  resistance  data  versus  bias.  The  photoconductive  current  for 

a  fixed  signal  is  divided  by  the  applied  bias  and  plotted  versus  bias.  With 

such  a  plot  deviations  from  a  horizontal  line  indicate  non lineari ties.  It  is 

clear  that  the  current  responsivity  increases  in  the  vicinity  of  Ap/Af  =  1; 

the  A  /A-  data  are  plotted  on  the  same  graph  for  ease  of  comparison.  Also, 
p  ' 

the  resistance  of  the  Ge:Hg  element  falls  in  the  same  bias  range  as  the  re¬ 
sponsivity.  This  is  expected  because  the  resistance  is  a  direct  current 
measurement  of  the  inverse  of  the  sensitivity  of  the  element  to  the  background 

radiation,  I  C/V  a  M-TQg. 

As  an  extension  of  the  above  argument,  the  detector's  open  circuit 
voltage  would  not  show  the  variation  seen  in  Figure  11,  because  the  pT  values 
of  the  signal  current  factor  cancel  with  the  1/pT  factor  of  the  detector 
resistance.  By  the  same  argument,  i^/l^Q  plots  ao  not  reveal  the  variations 
of  Figure  1 1 . 

It  should  be  noted  that  the  sensitivity  versus  bias  data  compiled 
in  Figure  11  ware  taken  with  the  element  resistance  nearly  3  orders  of  mag¬ 
nitude  smaller  than  when  the  DR  effects  were  taken;  yet  the  field  for  the  onset 
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5158-7  FIELD  (VOLTS/CM) 

Figure  II  Variation  of  Current  Responsivity  i^/V,  Detector  Resistance,  and 
Ap/A^  with  Electric  Field.  It  is  apparent  that  changes  in  each 
of  the  parameters  occur  across  the  same  field  region.  Note  that 
the  responsivity  increases  with  field  as  it  does  in  ail  cases. 
Temperature  of  operation  I0°K. 


STr«&'«pes-.  J- 


of  the  various  effects  remains  the  same.*,.  Such  behavior  is  consistent  with 


there  being  no  lifetime  change  in  the  range  of  resistivities  from  Kr  to 


1(T  ohm- cm. 


c.  Saturation  of  the  Fast  Component 

Another  aspect  of  the  DR  phenomenon  is  shown  in  Figure  12.  At 
Liases  substantially  above  EDR  it  is  difficult  to  accurately  ascertain  the 
value  of  Af.  To  better  evaluate  the  change  of  Af  with  bias,  the  signal  was 
measured  versus  bias  at  several  frequencies  The  data  were  taken  using  an 
InA.  diode  light  source  and  varying  the  driving  frequency  square  wave 
current.  Reduced  background  conditions  were  utilized  so  that  reasonable 


frequencies  would  be  substantially  above  1/Tp. 


The  15  Hz  curve  is  a  total,  fast  plus  slow,  response  curve  and 
shows  the  superlinearity  seen  for  devices  near  EgR.  At  the  higher  frequen¬ 
cies  a  satur^'on  of  the  signal  is  seen.  The  small  turnup  at  the  higher 
biases  for  the  15  kHz  curve  occurs  from  the  increasing  low  frequency  signal 
This  arises  as  the  signal  has  the  form 


c  ME) 
s  = _ P  + 

(1  +  0)2Tp2)^ 


Af  (E) 


(i  +  .y? 


At  15  kHz  this  reduces  to 


A  (E)  A 
P  +  A, 


UJT 


With  increasing  bias,  after  Af  has  saturated,  the  increasing  first  term  wi 1 1 
eventually  be  detected.  By  going  to  a  still  higher  frequency,  150  kHz, 
the  first  term  is  reduced  to  negligible  values  even  at  the  highest  biases 
emp 1 oyed . 


I 
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AMPLITUDE  (ARBITRARY) 


Figure  12  Variation  of  the  Total  Signal,  15  Hz,  and  the  Fast  component,  15  kHz 
and  150  kHz,  with  Bias.  By  using  higher  frequencies  the  laige  slow 
component  can  be  removed  from  the  measurement. 
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For  comparison  with  this  detector  element,  Ap/A^  *  1  for  E  ■  15  V/ cm. 

(See  Figure  10.)  For  this  experiment  the  resistivity  of  the  element  was 

8  -4 

2  x  10  ohm-cm  and  Tp  was  1.0  x  10  second. 

3.  Discussion  of  Results 

The  results  obtained  are  explained  with  the  aid  of  the  schematic 
diagram  of  the  detector  geometry  (Figure  13).  Consider  the  situation  when 
the  drift  length  S  is  a  fraction  of  the  electrode  spacing  L.  On  the  average, 
holes  generated  by  the  background  and  signal  radiation  absorbed  in  a  dis¬ 
tance  S  from  the  positive  electrode  will  drift  out  of  this  region  before  re¬ 
combining.  On  the  other  hand,  recombination  will  occur  in  this  same  region 
with  holes  coming  from  the  electrode.  As  S  increases  with  bias,  that  portion 
of  the  crystal  dependent  on  the  electrode  supply  of  hole-,  for  recombination 
increases  until  SSL  when  all  the  recombination  is  taking  place  with  holes 
originating  from  the  electrode.  Thus,  it  appears  that  quite  different  con¬ 
ditions  must  prevail  regarding  the  hole  supply  or  current  flow  pattern 
when  all  the  recombination  is  with  electrode-supplied  holes. 

With  present  contacting  procedures,  no  deviation  from  linearity  of  the 
I-V  characteristics  nor  any  significant  polarity  dependence  has  been  observed. 
It  appears  that  if  the  contacts  play  a  role,  it  must  involve  subtle  details 
of  the  contact  structure. 

The  possibility  must  be  considered  that  the  effects  are  primarily  bulk 
effects,  i.e.,  the  contact  is  more  uniform  than  the  bulk  and  the  difference 
in  performance  arising  when  S  becomes  comparable  to  L  occurs  because  the 
electrode  supplies  charge  uniformly,  while  the  bulk  nonuniformities  require 
a  particular  current  flow  pattern. 

Various  explanations  for  the  DR  effects  are  being  explored. 
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Figure  13  Schematic  Diagram  of  a  Detector.  From  the  responsivity  data  it  is 
apparent  that  the  lifetime  near  the  positive  electrode  (hole  supply 
electrode)  must  be  greater  than  in  the  region  farther  from  the 
electrode  than  S  (t^  >  t  ). 
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B. 


Impurity  Interactions 


1 .  Gettering  of  Copper  with  a  Gallium-Diffused  Laver 

In  the  preparation  of  Ge:Hg  crystals  the  presence  of  unwanted  impurities 
is  detected  through  the  study  of  the  resistance  (or  Hall  coefficient)  - 
temperature  characteristics.  In  Figure  14  the  resistance  of  a  detector 
element  is  plotted  against  reciprocal  temperature.  The  curve  labelled 
"Original"  has  a  slope  indicating  an  activation  energy  of  0.039  eV.  This 
is  less  than  half  the  value  expected  from  mercury  impurities  which  have  an 
ionization  energy  of  0.088  eV.  The  deviation  arises  because  of  the  presence 
of  residual  p-type  impurities  whose  concentration  is  such  that  the  Fermi 
level  is  located  below  the  Hg  level. 

In  the  course  of  studies  of  gallium-diffused  layers  on  Ge:Hg  elemen.;, 
an  increase  in  the  activation  energy  was  note^.  Further  study  indicated 
that  a  gallium  diffusion  followed  by  a  short  anneal  substantially  increases 
the  activation  energy  of  materials  which  originally  had  values  in  the  0.04 
to  0.06  range. 

The  simple  explanation  of  this  result  is  that  the  gallium-diffused 
layer  is  &  region  in  which  copper  is  highly  soluble;  thus,  the  diffused  layer 
getters  copper  from  the  crystal.  There  are  two  reasons  for  high  solubility 
in  the  diffused  layer,  electronic  and  pairing  enhancement. 

2 .  Electronic  Solubility  Enhancement 

The  presence  of  the  high  acceptor  concentration  increases  the  solubility 
because  of  charge  considerations  by  a  facto.  NA/n,  over  the  high  purity 
solubility  N  +.^  The  two  curves  N  +  and  N  +  x  10  ®/n.  of  Figure  15  in- 

O  OOl 

dicate  the  solubility  enhancement  expected  for  an  accepter  concentration 
20 

Na  =  10  /cc. 
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5158-5  103/T(°K) 

Figure  14  Impurity  Gettering  with  a  Gallium-Diffused  Layer.  By  diffusing  gallium  into 
the  surface  of  Ge:Hg,  then  anneal ing,  impurities  arc  removed.  An  improved 
resistance  temperature  characteristic  results.  (0..*^  eV  activation  energy 
increased  to  0.075  eV.) 
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CONCENTRATION  (CM 


Liubilj 


Enhancement 


Pairing  of  acceptor  gallium  atoms  with  donor  copper  atoms  results  in 

the  takeup  of  copper  by  the  diffused  layer.  The  third  curve  of  Figure  15, 

labelled  "ft",  is  the  fraction  of  Li  ions  paired  with  Ga  ions  in  Ge.  This  is 

o 

calculated  data  of  Reis,  Fuller,  and  Morin.  This  curve  is  plotted  only  to 
show  that  pairing  solubility  is  greatly  enhanced  at  low  temperatures,  while 
electronic  solubility  is  greatest  at  highest  temperatures. 


Preliminary  data  taken  using  radioactive  Cu-64  has  confirmed  that  copper 
is  gettered  into  the  diffused  layer,  but  no  details  of  the  mechanism  have 
yet  been  established. 
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be  unclassified.  Each  paragraph  of  the  atatract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  In¬ 
formation  in  the  paragraph,  represented  aa  (TS).  (S).  (C),  or  ft/). 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  ia  from  1 50  to  225  words. 

14.  KEY  VORDS:  Key  words  are  technically  meaningful  terma 
or  short  phrases  that  characterize  a  report  and  may  be  used  aa 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  la  required.  Identi¬ 
fiers,  such  as  equipment  mr  -el  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  aa  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
text.  The  assignment  of  links,  rules,  and  weights  is  option"'.. 
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